Aim: This study was done to determine more accurate impres sion technique and splinting method for multiple implant impres sions in edentulous patients.
INTRODUCTION
The anatomy of the residual ridges determines the orientation for implant placement. Any inaccuracy in impression will cause misfit of the prosthesis, which can cause further problems, such as mechanical and/or biological complications. However, marginal discrepancy due to the prosthesis misfit may further lead to enhanced accumulation of plaque, which affects the surrounding soft or hard tissues. 1 Literature shows that the accuracy of the implant impression cast depends on many factors: the type of material used, impression technique, angulations, number, use of splinting, and airborne abrasion of the impression copings. The ultimate goal should be to fabricate a prosthesis that does not transfer stress to the implant when fully seated. 2 The impression can be made in two ways: one is abutment level and the other is implant level. It can be done by using two methods, the direct method, also called as open-tray or pick-up
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technique, and indirect method (closed-tray or reposition technique). The indirect or closed-tray technique is less difficult, but it has greater instability in transfer of implant positions. In the open-tray technique, impression copings are allowed to remain inside the implant impression. By using this technique, the implant angulation effect and the chances of material deformation when recovered from mouth are reduced; moreover, there is no reinsertion of the impression coping back into the impression. 3 During clinical and laboratory phases, inaccuracy in transferring 3D orientation of implants to the cast can be detected due to the movement of impression copings. The splinting of transfer copings and modifications are emphasized to reduce this movement. Splinted direct technique was found to be the most accurate for multiunit nonparallel implants. Splinting of the copings can be done by using acrylic resin, plaster, or composite resins. 3 In the literature, there have been conflicting results regarding the use of splinting and different impression techniques in implants. So, the purpose of this study is to check the accuracy of multiple implant impressions by studying the effect of different implant impression techniques and splinting methods.
MATERIALS AND METHODS
The study was conducted on a prefabricated maxillary dummy model used as reference model. A vertical milling machine was used to hold the cast and drill holes of required depth, diameter, and angulation. A 3.5 mm twist drill was incorporated to prepare the holes. The four implants were placed into the master cast (Fig. 1) . Two implants in the right and left canine region and the other two in the right and left first molar region were placed on the reference model. Sequential numbering of implants was done from left to right. A total of 40 samples (n = 40) were taken and were divided into five groups, in which group I included casts obtained from impressions made with closed-tray or indirect impression technique, group II: open-tray or direct impression technique, group III: open-tray impressions splinted using floss with acrylic, group IV: open-tray impressions splinted using floss with light cure material and group V acted as a control group which included measurements of reference model.
Custom tray Fabrication
An alginate impression of reference model was made and a primary cast was poured in dental stone and was used for the production of the custom trays. The cast was covered by two layers of base plate wax that allowed consistent thickness of impression material. Palatal region and the land area act as stop, and further modifications in the tray design were done according to the open-and closed-tray impression procedures. For closed-tray impression technique, four wax pillars each having height exactly 2 mm above the height of the impression copings were placed over the implant sites and duplication of the model was done with alginate. The impression was poured with dental stone (type III). The cast thus obtained was used to fabricate 10 custom trays that were used to make impressions for group I (Fig. 1B) . For open-tray impression technique that was performed in two different groups, i.e., with and without splinting, a wax rim was built having 11 mm height, such that the screws of the open-tray copings were easily accessible after custom tray fabrication and an overall width of 6 to 8 mm was provided for better splinting. A total of 30 custom trays were fabricated for this technique. Access holes were drilled in all the four implant positions (Fig. 1C) .
Impression Making
The 3M ESPE (St. Paul, MN) adhesive was used to paint the custom trays using brush supplied by manufacturer and was left to dry for 15 minutes. Light body vinyl polysiloxane (VPS) was gunned onto the reference model using mixing tips on automixing impression gun (3M ESPE). The VPS putty material (3M ESPE) was loaded to the custom trays and seated on the master cast, making sure that each tray touched the land area on the reference model. Instantly after placing the tray over the model, any excess material was removed to verify the complete seating of each tray. Once sufficient setting time was attained, impression was removed and transfer copings were unscrewed.
Group I (Closed-tray Impressions)
After making impression with the VPS material, analogues were fastened onto the copings and reinserted into the impression. Any remaining excess material was trimmed with a sharp no. 11 scalpel blade flush with the borders of the tray.
Group II (Open-tray)
Once the impression was made, the copings were unscrewed, then the tray was separated from the reference model while the impression copings remained inside the impression. An implant analog was connected to the hex and the copings were hand tightened.
Group III (Open-tray Splinted with Acrylic)
The transfer copings were connected by tying them with dental floss (Fig. 1D) and splinting was done with autopolymerizing self-cure acrylic resin (Pyrex Ltd.) and allowed to polymerize for 17 minutes (Fig. 2A) . Splinting was done from the first square to the second square; 17 minutes after setting, the final impression procedure was accomplished.
Group IV (Open-tray Splinted with Light Cure Material)
Impression copings were tightened and were tied up with dental floss. Splinting was done using light cure tray material (Plaque Photo, WP Dental). After the application of tray material, the reference model was light cured (Liva light, WP Dental Germany) for 7 minutes. Once the curing was done, the final impression procedure was accomplished (Fig. 2B ).
Impressions were checked for inaccuracies and if required were repeated. For all the groups, impression pouring was done using dental stone. Dental stone was mixed with water according to the manufacturer's recommendation. Mechanical vacuum mixer and a vibrator (Whip Mix Corporation, Louisville, KY) were used to pour the cast. Once adequate setting time was obtained casts were separated.
All casts were subjected to measurement using a coordinate measuring machine (CMM STRATO Bright 710, Mitutoyo Corporation) having an accuracy of less than 0.0001 mm for the X, Y, and Z axes. All measurements were performed using probe head (PH10M Mitutoyo Corp. Japan) and a signal probe (TP7M Mitutoyo Corp. Japan) on Geopak-win software (Mitutoyo Corporation, Tokyo, Japan). The coordinate system applied for this study was defined as follows:
The center of fixture or analog 1 was designated as the origin of coordinated system. Three values were recorded for every interimplant distance in the X, Y, and Z axes for every cast, and then the mean values of all measurements were obtained. The centers of the implant replicas were measured first by marking four points on the periphery of the implant replicas. Implant analog 1 was kept as the reference, and all measurements were done with reference to this analog. The distance between the centers of implant analogs 1 and 2, 1 and 3, and 1 and 4 was determined in the X-axis (Fig. 3A) . For the Y-axis, implant replicas 1 and 4 were used to form a reference line. From this reference line, distance D2y and D3Y were measured (Fig. 3B ). The distances between the lines formed by planes of implant replicas 1 and 2, 1 and 3, and 1 and 4 were measured to obtain the interimplant distance in the Z-axis (Fig. 3C ).
The master cast values thus obtained were compared with those from the reference model. The values were statistically evaluated using one-way variance analysis (ANOVA) and post hoc test. Tables 1 to 3 and Graph 1 show differences (mm) in interimplant distance measured in the X-axis. In Δd1X, group IV (Δd1X = 0.17) had least mean difference followed by group III (Δd1X = 0.62), group II (Δd1X = 0.75), and group I (Δd1X = 3.53). In Δd2X, group IV (Δd2X = 0.21) had least mean difference followed by group III (Δd2X = 0.063), group II (Δd2X = 0.82), and group I (Δd2X = 2.54). In Δd3X, group IV (Δd3X = 0.48) had least mean difference followed by group III (Δd3X = 0.55), group II (Δd3X = 0.75), and group I (Δd1X = 2.63). The post hoc test revealed that in d1X, group I significantly varied from group II (p = 0.0007), group III (0.0004), group IV (p = 0.00). In d2X, group I significantly varied with group II (p = 0.006) and group IV (p = 0.0002). In d3X, group I significantly varied with group II (p = 0.005), group III (p = 0.001), group IV (p = 0.001), and control group (p < 0.01). Tables 4, 5 , and Graph 2 show differences (mm) in interimplant distance measured in the Y-axis. In Δd1Y, the group IV (Δd1Y = 0.03) had least mean difference followed by group III (Δd1Y = 0.18), group II (Δd1Y = 0.28), and group I (Δd1Y = 2.4). In Δd2Y, group IV (Δd2Y = 0.26) had least mean difference followed by group III (Δd2Y = 0.514), group II (Δd2Y = 0.516), and group I (Δd2Y = 3.85). The post hoc test revealed that in Δd1Y, intergroup comparison revealed statistically insignificant result. In d2Y, Tables 6 to 8 and Graph 3 show differences (mm) in interimplant distance measured in the Z-axis. In Δd1Z, group IV (Δd1Z = −0.09) had least mean difference followed by group III Δd1Z = 0.21), group II (Δd1Z = 0.32), and group I (Δd1Z = 0.71). In Δd2Z, group IV (Δd2Z = 0.05) had least mean difference followed by group III (Δd2Z = 0.10), group II (Δd2Z = 0.11), and group I (Δd2Z = 0.16). In Δd3Z, group IV (Δd3Z = −0.070) had least mean difference followed by group III (Δd3Z = 0.13), group II (Δd3Z = 0.21), and group I (Δd3Z = 1.04). The post hoc test revealed that in d1Z, group I significantly varied with group II (p = 0.003) and group III (p <0.01), group IV (p < 0.01) and the control group (p = 0.03). In d2Z, intergroup comparison revealed statistically insignificant result. In d3Z, group I significantly varied with group II (p = 0.03), group III (p = 0.01), and group IV (p = 0.008).
RESULTS
From the above results, it can be well appreciated that the casts obtained from copings splinted with light cure resin tray material were similar to the reference model, followed by those obtained from splinted acrylic resin, those made with open-tray impression technique, and finally, the most variant closed-tray impression technique. 
CONCLUSION
Within certain limitations, a final conclusion was drawn that when comparison of impressions made
CLINICAL SIgNIFICANCE
Accurate making of a multi-implant impression is a challenging task because of complexity in attaining the "passive fit" of the prostheses, which is directly related to the accurate transfer of 3D spatial arrangements of implants to the cast. The multiple implants dispersed along the dental arch result in inaccuracy in impression. 3 Most studies which investigated the effect of impression techniques on implant impression accuracy were performed with two implants, 4-9 except for a few authors who studied the effect using three to five implants. [10] [11] [12] The present study evaluated the accuracy of impression making on multiunit implants as a correlation was seen between impression inaccuracy and increased number of implants.
The accuracy of the multiple implant impression is influenced by the type of impression material used which ultimately leads to an accurate cast on which precisely fitting prosthesis is fabricated. Several factors including material accuracy, time span before the impression is poured, and extent of intraoral undercuts are to be kept in mind while choosing an impression material. To summarize, it appears that various impression materials and combination of materials were tested and recommended in the dental literature. Irreversible hydrocolloid, impression plaster, polyether, condensation and addition silicones, and polysulfide materials have been used in different consistencies and combinations. Addition silicones have better modulus of elasticity, which allows easier removal of the impression; 13 one study found that there was no significant difference between polyether and polyvinyl siloxane. 14 Moreover, it has been recommended in edentulous patient, and also the economical cost factor and ease of manipulation make it a material of choice. So, in this study, addition silicone impression material is used for multiple implant impressions of edentulous patients. There are two primary implant impression techniques, the direct or open-tray technique and the indirect or closed-tray technique. In the open-tray technique, impression copings are fastened to the implant with a screw that is extended above the coping through an opening made in a custom tray (also called open-tray technique or direct technique). When the material is set, the screw is loosened and the tray is removed from the mouth with the impression copings logged within the impression. An implant analog is screwed to the impression coping and a working cast is poured. 15 The open-tray technique allows the impression copings to remain inside the impression.
This decreases the effect of the implant angulations, material deformation upon recovering impression from the mouth, and there is no need to place the coping back into the original position. 12 A disadvantage of this technique is that some rotational movement of the coping may occur when attaching the implant analog. 15 There have been different studies that compared the open-tray and closed-tray impression accuracies. Most of the studies favored the open-tray technique for multiple implants. [15] [16] [17] [18] In this study, casts fabricated from splinted implant impression copings were more close to the reference model than the nonsplinted group. The reason for this is that the splinted impression copings have less chances of movement. Vigolo et al
